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) PIEZOELECTRIC COMPOSITION 

RPOSE- To obtain a piezoelectric composition resistant to fracture even if large strain is developed, improved 
Piezoelectric properties and mechanical properties, with MgO grains smaller in size than PZT-PMN grains as the 
trix phase dispersed homogeneously. 

INSTITUTION- A mixture of PbO, SrC03, Nb205, Zr02 and Ti02 is first calcinated and then incorporated with 
O of greater grain size followed by conducting a secondary baking to effect homogeneous dispersion of the 
;ultant MgO grains in PZT-PMN grains as the matrix phase, thus obtaining the objective piezoelectric 
-nnosition consisting of an oxide of perovskite crystal, structure having a composition of the formula Pbl a 
^S^^^T^ On terms of atom number ratio, 0<(a)<0.10; 0.05<(b)<0.05; 0.2<(x)<0.5; 0.2<(y)<0.4; 

<(z)<0.5; (x+y+z)=1). 
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\IMS ^ 

!im ( l ] The piezo-electric constituent characterized by the MgO particle smaller than the PZT-PMN particle of a host 
se distributing between particles in the oxide of the perovskite mold crystal structure which has the presentation 
ressed with a degree type as a whole presentation. 

-a-b Sra x Zr yTiz 0(Mgl / 3 Nb 2/3)3-b, however an atomic ratio -- 0<=a<=0.10 0.005<=b<=0.050.2<-x<-0.5 
t= y <=0 40 3<=z<=0 5 x+y+z=l .0 - [Claim 2] The piezo-electric constituent with which a MgO particle with a 
m particle diameter of 2 micrometers or less is characterized by distributing between host phase particles with a 
in particle diameter of 5 micrometers or less in the oxide of the perovskite mold crystal structure which has the 
sentation expressed with a degree type as a whole presentation. 

; Pbl -a-b Sra x Zr yTiz 0(Mgl / 3 Nb 2/3)3-b+Agm, however an atomic ratio, and is 0<-a<-0.10. 
35<=b<=0.050.2<=x<=0.5 0.2<=y<=0. 40.3<=z<=0.5 x+y+z=1.00 <=m<=0.05 

anslation done.] 
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fAILED DESCRIPTION 



tailed Description of the Invention] 

hJstrial Application] This invention relates to the piezo-electric high constituent of the suitable mechanical strength 
an actuator component, a pronunciation component, etc. 

scription of the Prior Art] A titanic-acid lead zirconate system constituent (PZT:PbZr03-PbTi03) it gets to know as 
mtstanding piezoelectric device which has a perovskite structure - having - **** -- this PZT ~ further ~ Pb(Mgl / 
b 2/3) 03 Compound perovskite is added as the 3rd component, etc. - Much piezoelectric material into which 
'o-electric many properties were substantially changed according to the presentation compared with the PZT single 
e is also developed, and these piezo electric crystal porcelain is used in the various field from the height of the 
•trie - mechanical energy conversion efficiency. 

031 The component used for an actuator has that desirable from which a big deformation amount or the generating 
>e is acquired on a low electrical potential difference. Moreover, to a loudspeaker or a microphone, that from which 
re sound pressure or output voltage is obtained is desirable. The piezo-electric constituent which suits such a demand 
idicatedbyJP,44-17103,Band JP,4-78582,B. ' „ x ._„ 

041 What is indicated by the former is the constituent 3 which added PMN to PZT, i.e., Pb(Mgl / 3 Nb 2/3) 03- 
'r03-PbTiO In a system constituent What permutes a part of Pb by Sr, Ba, or calcium, and is indicated by the latter 
above-mentioned constituent - setting - Pb presentation ratio - the amount of stoichiometrics -- a constant rate - 
;ening these are called a PZT-PMN mold piezo electric crystal, are piezoelectric porcelain which makes the 
ovskite mold crystal structure the main configuration phases, and have high specific inductive capacity and electric 
h - machine coupling coefficient, and a piezo-electric distorted constant, 

oblem(s) to be Solved by the Invention] Although the conventional above-mentioned PZT-PMN mold piezo electric 
stal has the outstanding piezo-electric property, it has the room of an improvement about a mechanical strength, and 
ually, when the method of profit and a large signal are inputted, since the mechanical strength is inadequate, it may 
ult a big output in destruction. 

'earn for Solving the Problem] As a result of inquiring wholeheartedly about the means which raises a mechanical 
.perty maintaining a piezo-electric high property, by distributing MgO which is one of the constituents between PZT- 
IN particles, this invention persons advanced research to the header and the pan, and resulted that a high mechanical 
sngth was obtained in this invention. 

)07] That is, let it be a summary for this invention to be a piezo-electric constituent which consists of the following 

ThTpiezo-electric constituent characterized by the MgO particle smaller than the PZT-PMN particle of a host phase 
tributing between particles in the oxide of the perovskite mold crystal structure which has the presentation expressed 
th a degree type as a whole presentation. 

)081 Bv Pbl-a-b Sra x Zr yTiz 0(Mgl / 3 Nb 2/3)3-b, however the atomic ratio 0<=a<=0.10 

)05 i =b < =0 0 5o 2<=x<=0 5 0 2<=y<=0.40.3<=z<=0.5 x+y+z=1.0 (2) Above (1) To a piezo-electnc constituent The 
■zo-electric constituent with which Ag is the constituent contained 0-0.05 mols at the outside rate, and a MgO partic e 
th a mean particle diameter of 2 micrometers or less is characterized by distributing between host phase particles with 
nean particle diameter of 5 micrometers or less. 
)09] This invention is explained below at a detail. 
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10] The piezo-electric constituent of a presentation and organization condition this invention is a PZT-PMN mold 
io-electriciJ.y constituent which has the same presentation as what is indicated by JP,44-17103,B and JP,4-78582,B, 
the fundamental presentation range, its piezo-electric property, etc. are as being indicated by these, and do not 
aire many explanation. That is, in order to demonstrate the property which was excellent as a piezo electric crystal, it 
•quired to be in this presentation range, and the fundamental presentation of the piezo-electric constituent of this 
sntion is included in the range indicated by these, and has high specific inductive capacity and electric - machine 
pling coefficient, therefore is excellent in a piezo-electric distorted constant. 

Ill The difference with the conventional above-mentioned PZT-PMN mold piezo-electricity constituent is that the 

0 particle smaller than this particle is distributing between the PZT-PMN particles of a host phase, though it is the 

le presentation range. Here, it says that the mean particle diameter of MgO is smaller than the mean particle diameter 
t host phase in it being smaller than the particle of a host phase. If the mean particle diameter of a MgO particle is 
;er than the mean particle diameter of a host phase, it will be easy to generate a crack near the MgO particle, and the 
ictiveness of this invention will not be acquired. 

121 Although it is difficult to limit the variance of a MgO particle in this invention, if ten or more MgO particles 
st in lOOmicro square of field, the effectiveness of this invention will be acquired as a temporary rule of thumb. In 
ition distribution of a MgO particle can be checked by observation by the electron microscope. Since average 
mic weight is small compared with the PZT-PMN particle of a host phase, since MgO is observed in the secondary 
;tron image of a scanning electron microscope blacker than a host phase, it can be identified, and can check a 
xibuted condition easily. 

131 The manufacture approach is not limited about the piezo-electric constituent of manufacture approach this 
ention By having the presentation and organization condition which were already described, the outstanding piezo- 
-tric property and the outstanding mechanical strength are obtained. The suitable manufacture approach by which 
^presentation and an organization condition are acquired is explained below. In addition, this manufacturing method 
tistantiation and does not limit this invention. . 
14] In mixing all raw materials from the start, it uses what has a bigger particle size of MgO raw materials (MgO, 
C03 etc ) than other raw materials. When a raw material is calcinated by using the MgO raw material of a big 
tide size a part of MgO can remain as unreacted, and it can change into the condition of having distributed as a 
tide which the MgO particle became independent of between the PZT-PMN particles produced by baking of other 

'^Moreover the approach of mixing and carrying out temporary quenching of other raw materials except a MgO 
/ material and mixing and carrying out the second bake of the MgO raw material after temporary quenching may be 
•d In addition as for a MgO raw material, what has a comparatively big particle size is desirable also m this case. 
ice a MgO particle may be absorbed by the host phase if the particle size of MgO is too small or long duration baking 
:arried out by high temperature, it is not desirable. 

•16] Also in which process, if a production process and the suitable conditions according to a raw material are 
lowed the piezo-electric constituent of this invention can be obtained with sufficient repeatability. 
)17] The above of control this invention of particle size (2) A piezo-electric constituent is the above (1). A 
sentation is made to contain 0-0.05 mols of Ag at the outside rate. By making Ag contain in the above-mentioned 
ge, it becomes easy to both make small mean particle diameter of a host phase and mean particle diameter of MgO, 

1 moreover, it does not produce a problem on a piezo-electric property. 

118] The piezo-electric constituent of this invention is the above (2) although the dispersion effect of a MgO particle 
ses a mechanical strength. After permitting existence of some Ag, a piezo-electric constituent makes particle size of 
•h particle smaller, and raises a mechanical strength more. By adding Ag of the above-mentioned content, in the mean 
tide diameter of 2 micrometers or less and a host phase particle, mean particle diameter of a MgO particle is set to 5 
crometers or less, and, specifically, the piezo-electric constituent of a mechanical strength still higher than the thing 
a bigger particle size than this is obtained [ mean particle diameter ] . 

)19] | In addition, if the mean particle diameter of a host phase and a MgO particle is the above-mentioned range even 
ten Ag is not included, an equivalent mechanical strength can be obtained. 

Inction] The basic presentation of the piezo-electric constituent of this invention is the same as that of what is 
licated by JP 44-17103,B and JP,4-78582,B, therefore it has the piezo-electric property which excelled as indicated 
these Above (2) Although a constituent contains little Ag, this does not change a piezo-electric property. 
)21] rather, by this invention, distributing a MgO particle between host phase particles, and by controlling the particle 
e of these particles, a mechanical strength is markedly alike and is improved. 
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•22] In this contractor engaged in the ceramics, it is well-known that the mechanical strength of the particle 
tributed ceramics or the ceramics with small particle diameter is high. Although these on-the-strength improvement 
ans were already applied to ceramics for structural materials, such as an alumina and silicon nitride, with the 
amies which needs electric functions, such as electrostrictive ceramics, we were anxious about degradation of the 
ctrical characteristics, and it was rare to inquire itself. 

•23] For example, in the ceramics'for structural materials, although an alumina is well used as a particulate material 
d for the improvement in on the strength, if an alumina is added, in the piezo electric crystal ceramics of a lead 
tern, the problem on which Pb is absorbed by the alumina and reduces a piezo-electric property and a degree of 
tering is pointed out. Furthermore, if sintering particle size becomes small with an alumina, a coercive electric field 
1 go up, and there is also a report that specific inductive capacity falls. 

i24] With the piezo-electric constituent of this invention, there is such no problem and it is thought that this has 
Droved reinforcement, without spoiling a piezo-electric property by making into a particulate material MgO which are 
ae raw materials. If it is the presentation range of this invention, even if it stops particle size small, there will be no 
blem in a piezo-electric property. 
•25] 

orking Example(s) and Comparative Example(s)] The example of this invention is shown with the example of a 
nparison below. 

•26] They are PbO:206.45g and SrC03 so that it may be set to example lPb0.93Sr0.05 (Mgl / 3 Nb 2/3) 
0Zr0.30Ti 0.40O2.98. : 7.38g, Nb 205 : 26.58g, Zr02 : 36.97g, Ti02 : 31.96g was measured. These raw materials 
re mixed with the mill through a zirconia ball (diameter of 3- 10mm) for 24 hours, and temporary quenching was 
ried out at the temperature of 800 degrees C in after [ desiccation ] alumina ** for 2 hours. This temporary- 
inching powder was fed into the same mill, 300g of water was put in, and it ground for 24 hours. 
»27] On the other hand, MgO powder with a mean particle diameter of 4 micrometers is prepared, and 4.03g was 
asured after this. This MgO powder was fed into the above-mentioned mill, 40g of PVA water solutions was added 
more%, and it mixed for 2 hours. This slurry was dried in the rotary evaporator, the particle size regulation was 
ried out through the nylon mesh of #100, and it considered as the powder for shaping. Metal mold shaping is carried 
cylindrical [ t 3xw 5xL 30mm ] and disc-like [ of phi20xt 2mm ] using this powder, and also they are 1.5 ton/cm2. 
>(♦***** press between the colds) was carried out by the pressure. 

128] These samples were calcinated in magnesia ** for 1250 degree-Cx 2 hours, and the sintered compact was 
ained. The sintered compact of a disc-like sample can be burned on both sides in Ag electrode, after it carries out the 
of the thickness to 1.0mm, in a 100-degree C silicone oil, the direct current voltage of 2kV is impressed for 10 
lutes, and it polarizes it, and it is the direction electromechanical coupling coefficient Kr of a path. Specific- 
uctive-capacity epsilonr It measured (n= 10). 

»29] The cylindrical sample beveled with the emery paper of #800, after carrying out the lap of the thickness to 
mm, and it performed the three-point bending test in span 20mm (n= 10). 

60] Moreover, when gazed at the organization with the scanning electron microscope, the mean particle diameter of 
latrix particle is about 6 micrometers, and the blackish particle with a mean particle diameter of 2.5 micrometers was 
tributing an average of 15.4 baking sides of a disk sample in the lOOmicrometerxlOOmicrometer field. Mg was 
ected as a result of carrying out EDX (energy dispersion mold fluorescence X rays) analysis of this blackish particle. 
>reover, about this sample, as a result of identifying a phase with powder X-ray diffractometer, the very weak MgO 
stal phase was detectable besides the perovskite phase. 

)31] the result of electric measurement - electromechanical coupling coefficient Kr of the direction of a path 65.2% 
i specific-inductive-capacity epsilonr 4610 or 3-point flexural strength - 13.4 Kg/mm2 it was . 

>32] namely, the piezoelectric constituent of an organization which the MgO particle with a mean particle diameter of 
micrometers distributed in the PZT-PMN matrix with a mean particle diameter of about 6 micrometers - Kr : 65.2% 
I epsilonr : 4610 and the piezo-electric property which is satisfactory practically - having - further - 3 point flexural 
sngth: 1 3 .4 Kg/mm2 It had high disruptive strength. 

)33] According to the same process as an example 1, the sintered compact was obtained from the example of 
nparison 1 beginning except having mixed MgO powder, namely, all the raw materials containing MgO - the same 
nbination as an example 1 - mixing - the same conditions - temporary quenching - carrying out - after desiccation 
he again same mill - 24 hours - grinding - a binder - tales doses - in addition, it mixed for 2 hours. Next actuation 
s performed similarly and the sintered compact was obtained. 

)34] The blackish particle was not found, although sintering particle size was about 6 micrometers when SEM 
servation of this sample was carried out. The peak of MgO did not find XRD analysis, either. Kr of this sample 65.5% 
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epsilonr Although it was 4580, three-point flexural strength is 10.3 Kg/mm2. It was low. 

35] According to the same process as an example 1, the sintered compact was obtained except having set to 10 

rometers mean particle diameter of the MgO powder used example of comparison 2. The MgO particle with a mean 

:icle diameter of 7.2 micrometers was distributing the organization of this sample in the matrix with a mean particle 

neter of about 6 micrometers. . . 

36] Kr of this sample 64.7% and epsilonr 4550 or 3-point flexural strength - 9.5 kg/mm2 it is -- the mechanical 

ngth was a little low. , „ . . . „ iL t , . 

37] Zirconia beads with a diameter of 1 .0mm were used instead of the example 2 zircoma ball, the on-the-strength 
ring type mill was used instead of the ball mill, except having made the residence time into 20 minutes, raw material 
ing temporary quenching, and grinding were performed like the example 1, and powder was obtained. Except 
ing made burning temperature into 1 180 degrees C, the sintered compact was obtained like the example 1 and 
anization observation, piezo-electric property measurement, and three-point flexural strength measurement were 

formed similarly. . . 

38] The MgO particle with a mean particle diameter of 1 .5 micrometers was distributing the organization of this 
iple in the matrix with a mean particle diameter of 5 micrometers. Kr 65.7% and epsilonr 461 0 and a problem - 
-e is nothing --three-point flexural strength-- 15.3 kg/mm2 it was. 

391 3 23g of Ag powder was added at the time of mixing of the example 3 beginning, and also powder was obtained 
ording to the same process as an example 2, and the sintered compact was obtained like the example 1 except having 
ie burning temperature into 1 100 degrees C. The MgO particle with a mean particle diameter of 0.8 micrometers was 
ributing in the matrix with a mean particle diameter of 2 micrometers as a result of organization observation. This 
VI photograph was shown in drawing 1 and drawing 2 . 

40] Kr 65.5% and epsilonr There are not 4640 and a problem and three-point flexural strength is 16.2 kg/mm2. The 

h value was shown. . 

41] Drawing 1 is a secondary electron image by the electron microscope, and vapor-deposits carbon to the baking 
> of a sample. Moreover, drawing 2 expands the black part of drawing 1 . As shown in drawing 1 , about 2- 
T-ometer host phase particle has sintered this sintered compact to one, and it is observed that the part black in the 
antime is distributing. It was checked that this black part is a constituent particle from drawing 2 . Moreover, many 
O(s) were detected as a result of performing point analysis according this black particle to EDX. 
42] 

feet of the Invention] The piezo-electric constituent of this invention can fully pull out the electrical characteristics 
ich cannot break easily even if it generates a big distortion, therefore this constituent originally has. Consequently, 
industrial utilization range of this constituent ingredient is substantially expandable. 



anslation done.] 
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t©r-feSo n<*f*Hci±, ±fB-#*rs©Agfc*n*sc 

fcfciO, MgOliW«Ka«2 /imOTIoilfS 
5 /i mWTlC U cn**3^?4S 

•So so 



[0 0 19] &*5, Ag^l4^ft, &m$5& 
[0 0 2 0] 

- 1 7 1 0 3^AZfmt¥ 4-7 8 5 8 2 ^tCfSKS 

r^sfcfetKDftn^jESWtt^-rs. ±IB(2) ©a 
j«wtix '>ao a g c na:EE«»tt*aE* s 

fcOTHi^fo 

[00 2 1 ] trL3#£flliT»«. SfflttfBtMgOi 
[0 0 2 2] ■b5 , 5-y^Xfc«toS^H#te«3t/''Tl±, 

«y ^XfcttrocjCfflSftTI^Sa^ ffm-b^ 5 v ^X& 
H©«*tt«te%(E«tr5-fe95y*;*T»H:x ^©® 

fro/to 

[0 0 2 3] flfdAtf, «it#^ffl-fe7S-y*Xte*5l/^T 
i-ifi§L<m^Zti&&. ^©ffiHtt-t^ 5 -y*Xtc*3 

[002 4] #3^©EE«§U«»-Pttc©£ SftHHtf 
*ft<, cniiM^O— SPT-feSMgO^Stfsi^fir-rs 

[0 0 2 5] 

[0 0 2 6] gUffiffU 1 

P bo.93 S ro.os (Mgi/3 N b2/3 ) o.30 Z ro.30 T 
i o.4o Oz.98 ti£~6&r>, PbO: 2 06. 4 5 g, S 
rCOs : 7. 38g, Nbz Os : 26. 5 8 g, Z 
rOz : 3 6. 9 7 g, T1O2 : 31. 96 g^rftt) 

0mm) ^mWtX^t^MCXZ 4^Wli-&U «B»»7' 
;l/5-ME4»H:T8 0 0iCOiaS-e2^W^Lfco 
{gMf»*«rl^C57HcaAL, tK3 0 0gi&Atlt2 4 

[0027] -yfw-^mm 4 ^ m©M g owjuzmm 

L^ Ctl^c.4. 0 3 gffftJU o fc. C©MgQ|»*?: 
±IB5;l/k:SA U 3E.te 1 0 % P V A7k«ME 4 0 g ^r^ 



s 



W B8¥ 9-2 8 7 2 

6 



#b-#(cTIE^U # 1 0 OOt-fav^ >y->3.?:ji 
LT»»Lrj«}gM»5|StLft. CO^ffl^r 3 
X" 5X>- 3 0nnn<0#t^*3<J;t>*» 20X' 2 mm© Rffilfi 
fc^SMTgb, 5E»C 1 - 5 ton/cm 2 ©ffi^jlCTC I P 

[0 0 2 8] Cft&Ol»£-r^->7ll+t? 12 5 0 
,1CX 2BfflMbftU «B«:*»ft. n«tft££r©fcS*rS# 

1 0 0^©~>U nVtf-Y^lC'T 2kV©iffi5fi^ 10 

Kr titMm^er ^rSMLfc (n=l 0) . 
[0 0 2 93 *l*ett«t±ff**2. Onmifc^-yT'L.fc^ 
# 8 0 0©X;/ D— £ST*Eic:t>£:f7l/\ X/^V2 0mmlC 
T3,^fM^ff tafc (n= 1 0) c 

[0030] £rzHmm<omm*7&£m&?mmi 

gti^6/tmt'S^ 1 0 0 (iraX 1 0 0 m©ngiSF*g 
fc¥£l£HS2. 5 fim©Mo(?l^?^¥t§l 5. 4fi 
MLT^ft. C©loM?%EDX (x^/M 1 - 20 
SMKSMBtexaO ##Tbfc*aJH, Mgff*Hi?nft. S 

[0031] .*«fl9jiisott*, a?^o*««a«8-& 

G&ifcKr a 6 5 . 2 %, Jt^m^ e r Ii4 6 10> 3^ 
fiifSSai 3. 4 KgW T-afe^^Co 
[0 0 3 2] BPS, apJ3figfl6/im©PZT-PMN 
U -y^X "PlC^eS 2. 
*Lfcfflil*©E^«B*'»t4, Kr :6 5. 2%, 30 
er : 4 6 1 0 i:^ffl±raSO*SI/->ffi«#tt : &*U H 
t3»f^«: 1 3. 4 Kg/mm 2 tm>m®&&*& 

[0033] it&ffl 1 
«*3ft«6MgOI»**ii-&LfcJM>1-«3fe»Ml tHDI 

U f£*S&ff«|3ib5;McT2 4«iHH»»U 'UV? 

gSSStt^fffco 40 
[0 0 3 4] C<DtS«%S EMfBfcbfcfcCS, 

fco C©t£r4©Kr (±6 5. 5%, £r (±4 5 807$ 
r>Tct>\ 3fiMlf&&l*lO. 3 Kg/nun 2 £<gfr-?fc 0 
[0 0 3 5] i±%cM2 



TiS&SiKJ 6 /i m©v h V "J ? Xtpte¥i%%L% 7 . 
2 /t m©M g OS^^tScbT^fc. 
[0 0 3 6] C©|£|S|.©Kr t±6 4. 7%, er tt4 5 
5 0, 3,^ffitf5Sto±9. 5 kg/mm 2 T'&t), tSttEWSi 

[0 0 3 7] g|ft&ffi]2 

i/\ ^SBf 2o»t bfcufl-tifuww 1 ra«»c«s 

8 0 °C £ IsfclZLftimMM 1 i: Hftfc bT 

[0 0 3 8] C<DtS^<Offlajt±^fiia5 m© T h 'J 
y^Xfpfc. T^ttgl . 5/im©MgOSf^i(L 
TI^Vco Kr (i6 5. 7%. er a4 6 10i:fW 
<, 3^ffltf^ffi«l 5. 3 kg/nun 2 TSoft. 

[0 0 3 9] 5gflSff!i3 
*t]<OZi-a-B#{c A g 3 . 2 3 g fclfcfcfl&liS&Sfl!! 

2fcBI«OXB»i:J:0W5R*», 1 loot 

Lfc«tt»«ttlS«l 1 fclRl«U:«SIS«:*»fco ffi^SS^ 

0. 8 /imOMg 0&^7b^^bTI/^Co CfflSEM? 

0 1 43 <fc Um 2 IC* bfc„ 
[0 0 4 0] Kr (±6 5. 5%, er «4 6 4 0 £Fn!B 

m<, 3£xmm.mi&\ e. 2 kg/™ 2 fcwi,si*^b 

[0 0 4 1 ] 0 1 ttVHMkMIC i5 2&m^*T*S 

2t±iai ©Hfea5^ifc*:b7"ct>©-efeSo Bit^t 

$39, ^-oHtein,^^*^«cbT^a©^«si^n 
c©nfegG#«i3 2 frzmm&fr-v&z c t ttvm 

SfVfc. C©flMStt?*EDXk:.fc*,i£#W*r?T 
■afcfiHi* MgOtf?<«lflSnft, 
[0 0 4 2] 

*«B9Wtt*-MJ > »!:3ieHirc4:««T»es. 

[0®<Di5#*fi0^] 

cb 1 ] nmm 3 <oj£mffl^^i©m? mmtmM (mm 

3, OOOfrS) 

[0 2] HlOHftaJ^Jt^bfc^KIW*?* (« 
$30, OOOfg) 
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